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1LETTER TO THE EDITOR
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The very complete study of Majhail et al. [1] on
iffuse alveolar hemorrhage (DHA) and infection-as-
ociated alveolar hemorrhage (IAH) following hema-
opoietic stem cell transplantation (HSCT) highlights
igniﬁcant points: the overlap between DAH and IAH
n a large series of transplanted patients, the better
urvival of patients with early-onset alveolar hemor-
hage, the allogeneic donor source, and severe acute
raft-versus-host disease (aGVHD) as risk factors in-
ependently associated with increased incidence of
ost-HSCT alveolar hemorrhage.
These thoroughly analyzed clinical data are in
ccordance with the experimental data we obtained in
murine model of allogeneic splenocytes transferred
nto immunodeﬁcient mice [2]. This model, devoid of
onditioning, offers the opportunity to study the cell
nd tissue lesions induced by the allogeneic reaction,
ithout interference from radiotherapy sequels. We
howed that endothelial cells of all organs, including
ungs, were early targets of the allogeneic reaction,
nd that damaged endothelial cells underwent apopto-
ic death mediated by Fas ligation. In the mice lungs,
ndothelial damage led to alveolar hemorrhage, asso-
iated with lymphocytic bronchitis, a pathologic fea-
ure observed in patients with GVHD [3]. Further
tudies on human biopsies with allogeneic and autol-
gous HSCT showed endothelial lesions and pericap-
llary hemorrhages linked to severe aGVHD in the
pper digestive tract [4]. Another systematic patho-
ogic study of human biopsies showed the reduction of
ndothelial cell surface in the skin of patients with
hronic GVHD (cGVHD)[5]. Because lung biopsies
re much more difﬁcult and dangerous to perform
han skin and duodenal biopsies, no systematic patho-
ogic study on human lung biopsies has been reported
o far. The study of Majhail et al., as a previous report
f pulmonary hemorrhage as a cause of death in pa-
ients with severe aGVHD [6] supports the fact that,
s in the digestive tract, severe aGVHD contributes to
emorrhage in patients’ lungs through endothelial cell
amage.
Sequential study in our experimental model
howed that endothelial apoptosis is an early damage
n the allogeneic reaction, and that all endothelial cells v
244re not at once apoptotic. Therefore, alveolar hemor-
hage is focal in early lesions (Figure 1a), limited, as
e found in the digestive tract of patients with
VHD, to the areas where endothelial damage has
een severe enough to be associated with capillary
asal lamina rupture (Figure 1c).Diffuse alveolar dam-
ge (Figure 1b) occurs later, and for severe acute
llogeneic reactions, induced in our model by transfer
f a high number of allogeneic lymphocytes [2]. These
xperimental data are in accordance with 1 of the main
oints underlined by Majhail et al. [1]: the difﬁcult
istinction between DAH and IAH in HSCT recipi-
nts.
The endothelial damage linked to acute allogeneic
eaction, if it takes place early in the course of the lung
isease, may also contribute to explain the more fa-
orable outcome of early-onset alveolar hemorrhage
n this large series of HSCT recipients. Cell death
hrough apoptosis, as observed in target cells of
VHD, does not induce an inﬂammatory reaction [7].
he vascular endothelium is composed of only 1 layer
f endothelial cells, and apoptotic endothelial cells can
e cleared by the blood ﬂow [8,9]. Therefore, endo-
helial cell repair can more rapidly and efﬁciently
ccur after endothelial apoptosis than after whole tis-
ue damage linked to infectious disease. Experimental
tudies have shown that endothelial repair occurs ei-
her through local migration and proliferation of en-
othelial cells adjacent to the site of injury, or through
oming and incorporation of bone marrow-derived
ndothelial progenitor cells on the site of endothelial
njury [8,9]. Although endothelial cell division, which
ay reach 50% of the cells in and around the injured
ites after induced arterial denudation [10], might be
ctive in GVHD patients, the role of bone marrow-
erived cells has been recently emphasized. Endothe-
ial cells of donor origin were found in 2 sequential
eries of transbronchial biopsies of HSCT patients
11]. In skin biopsies we only found donor-derived
ndothelial cells in HSCT patients with GVHD, and
he number of chimeric cells was linked to the severity
f GVHD-induced cell damage [12]. Particularly rel-
vant to the GVHD-induced apoptotic damage is the
ecent in vitro demonstration that apoptotic bodies
rom endothelial cells enhance the number and initi-
te the differentiation of human endothelial progeni-
or cells in vitro [13].
As stated by Majhail et al. [1], the current etio-
athogenic paradigm for DAH is based on nontrans-
lantation DAH in systemic vasculitides and collagen
ascular disease. Even on these DAH nonrelated to
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Letter to the Editor 1245ransplantation, no pathologic study of early events is
vailable in humans. Therefore, systematic studies of
ure allogeneic reactions induced in animal models
ould help to identify the participation of aGVHD in
he alveolar hemorrhages following HSCT.
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